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(57) Abstract 



A dcllectable cir.hctcr having a df.flcciiun wire whicli wlica niovf.d longirudiiially deflects the tip of the catheter into a generally planar 
first curve nnd a core \virc which when torqued cauici rotation of ihs first curve into a second plane. The catheter may also be provided 
with a second deflection wire arranged so tha: longitudinal movement thereof causes dcfieciion of a ponion of the catheter body proximal 
to ihc first curve formed by longitudinal movement of the lirst deticciion wire. The catheter may be provided with a plurality of electrode 
coils for R-F ablation. 
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METHOD AND APPARATUS FOR R-F ABLATION 
Background of the Invention , 

This invention relates generally to the field of devices for cardiac surgery, and 
more specifically to devices for R-F ablation of cardiac tissue. 

The present invention is directed toward treatment of tachyarrhythmias, which 
are hean rhythms in which an chamber or chambers of the heart exhibit an excessively 
fast rhythm. In panicular, the present invention is directed toward treatment of atrial 
arrhythmias which result from the presence of macro and/or micro-reentrant wavelets 
(e.g. atrial flutier and atrial fibrillation) and ircauncnt o!" veniricular uchycardia. 

Therapies have been aevelo[>ed for treating tachycardias by destroying cardiac 
tissue containing identified ectopic loci or aberrant conduction patliways. A variety of 
approaches have been taken, including application of eleccrical energy or other forms . 
of energy to destroy the undesired cardiac [issue. As examples, ablation of cardiac 
tissue has been accomplished by means of radio frequency electrical current, direct 
current, microwave energy, heat, electrical pulses, cryotliermy, and lasers. At 
present, ablation using R-F energy is perhaps \hc most widely practiced in the context 
of ablation procedures that can be carried out by means of a catheter, inserted into the 
closed heart. 

Most R-F ablation cadneiers employ electrodes wliich are intended to contact 
the endocardium of the hcan, or, as in U.S.- Patent No. 5,033,565, are intended lo 
penetrate tlie endocardium and enter tiic myocardium. In general, R-F ablation 
catheters are effective to induce r.mall iesioas in heart tissue including the endocardium 
and inner layers of myocardium, u\ tlic immediate vicinity of the electrode. However, 
the medical communit>' has expressed a uesire for devices which produce larger 
and/or longer lesions, to reduce the number of applications of energy (l^ums) required 
to effectively ablate cardiac tissue associated with more complex arrhythmias such as 
atrial flutter or atrial fibrillation and ventricular tachycardia. 
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ablation causes tissue in contact with the electrode to heat through 
resistance of the tissue to the induced electrical current therethrough. The actual 
extent of heating i.^ somewhat unpredictable. However, temperature tends to rise as 
the duration and amplitude of the R-F signal increase. Heating of the tissue beyond a 
certam point can cause dissection or charring of the tissue, resulting in a high 
impedance between the R-F electrode and the remm electrode, which in turn leads to 
cessation of the heating process, and. in some cases, causes the electrode to stick to 
the charred tissue. One response lo this phenomenon has been the inclusion of 
thermocouple wiQiin the ablation electrode, in conjunction with feedback control to 
modulate the R-F signal to maintain tlie electrode temperature at a set parameter. One 
such system is disclosed in U.S. Patent No. 5,122,137. 

Particularly in the context of treating macro and/or micro-reentrant atrial 
arrhythmias, it has lx:en proposed lo create elongated lesions, to define a line of tissue 
which blocks the passage of depohiriziition wavefronts. This has, in some cases been 
accomplished by means of a series of small, individual lesions, each produced by a 
separate application of R-F energy. As disclosed in U.S. Patent Application Serial 
No. 08/302,304 by Mulier ci a), Tor a '*Methc<l and Apparatus for R-F Ablation", it 
has been proposed liiat an eiongaied. coi) electrode might instead be employed to 
produce an elongated lesion with a single application of R-F energy. An elongated coil 
ablation electrode is also disclosed in published PGT application No. WO94/11059 for 
a "Fluid Cooled Ablation Catheter, by Nardella. 
Summary of the Invention 

The present invention is directed toward expanding and improving tlie clinical 
applicability of R-F ablation, by accurately detennining the ablation site and by 
increasing the overall size and extent of the lesions induced by R-F ablation. These 
goals arc pursued by means of an ablation catlictcr employing one or more electrodes 
extending of substantial length, located adjacent the distal end of the catheter, in 
conjunction with a temperamre corurol system employing multiple temperature 
sensors, arranged along the clectrocle or electrodes. 
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In one preferred embodiment, the electrode or electrodes extend over a distal 
segment of the catlicter body, and multiple themiocouples or other temperature 
sensors are provided along the distal segment. The thermocouples may be used to 
individually regulate the power applied to individual electrodes along the distal 
segment. Alternatively, the lemperamre sensors may be used together to regulate the 
power applied to the electrode or electrodes, for example by employing the highest 
measured temperature to control the power applied to one or more electrodes. 

In another preferred einbodiment, the catheter may be provided with a 
mechanism for deflecting tiie distal segniejit of the cadieter body, to provide 
direciionai control to the catheter, facilitatijig placement of its ablation electrode or 
electrodes at a dt;sLred location in the hean, and in close contact with heart tissue. 
Deflection may be accomplished, for example, by means of internal control wires 
which indijce a curvature in the catheter body when displaced longitudinally. 
Alternatively, the distal portion of the catheter body may be preformed to display a 
curved conllguraiion, and may be delivered through a guide catheter,. In this case, the 
distal portion of the catheter body displays its preformed curve as it is advance out the 
distal end of the guide catheter. In a another preferred embodiment, the catheter body 
may display a generally straight configuration, witli the distal portion located in the 
hean by means of a denectabJe guide catheter, wtiich may provided with internal 
control wires which allow the liiscal cr^d of ilie guide cadieter to be deflected. 

The feaoires of the embodimems discussed above may also be provided in 
catheters provided wirn mapping electrodes, allowing for mapping and ablation to be 
performed with ihe same caLheter. Similarly, liie features of die above described 
embodiments may also be combined with one. anoLhei\ if desired. 

Brief Descrintion of the Dr:iwinjs 

. Figure 1 is a plan view of a first embodinient of a catheter employing the 
present invention. 

Figure 2 is a plan view of a second embodiment of a catheter employing the 
present invention. 
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Figure 3 is a side, sectional view through the distal portion of the catheter 
illustnited in Figure 1. 

Figure 4 is a side, sectional view through the distal portion of the catheter 
illustrated in Figure 2. 

Figure 5a is a side view of the disial portion of an additional alternative 
embodiment of a multiple electrode catheter. 

Figure 5b is a cross sectional view of though the distal portion of the catheter 
illustrated in Figure 5a. the catheter illustrated in Figure 1. 

Figure 6a is a side view of tlie distal portion of an additional alternative 
embodiment of a multiple electrode aitheter. 

Figure 6b is an enlarged side view of the distal portion of the catheter 
illustrated in Figure 6a. . 

Figures 7a - 7d illustrates in-plane deflection of the catheter illustrated in 
Figure 6a. 

Figure 8 iJlusaates out-of-plane dellection of tlie catheter illustrated in Figure 

6a. 

Figure 9a illustrates a side, sectional view through the distal tip of the catheter 
illustrated in Figure 6a. 

Figure 9b ilkistrates a cross SL-jiiorial view liirough the portion of the catheter 
illustrated in Figure 9a, 

Figure lOa illustrates a side, sectional view dirough the portion of the catlieter 
proximal to that illustrated in Figure 9a. 

Figures lOb-lOc illustrate cross sectional views dtrough the portion of the 
catheter illustrated in Figure 10a. 

Figure 3 la illustrates a side, sectional view through die portion of the catheter 
proximal to that illustrated in Figure 10a. 

Figure lib illustrates a cross sectional view dirough the portion of the catheter 
illusurated in Figure I la. 

Figure 12a illustrates a plan view of a mapping catheter according to ihe 
present invention. 
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Figure 12b illustrates a distal end view of the catheter of Figure 12a. 

Figure 13 is a perspective view of an RF power source for use with the 
catheters of Figures 1-11 

Figure 15 is a functional block diagram of an RF power source for use in 
conjunction with the catheters of Figures 1-11. 

Figure 16 is a functional block diagram of a second embodiment of a power 
source for use in conjunction with the catheters illustrated in Figures 1-11. 

Figure 17 is a functional block diagrain of a third embodiment of a power 
source for use in conjunction with uie catheters illustrated in Figures 1-11. 
Detailed l^cscrintion of the lYoferreJ Embodiments 

Figure 1 illustrates a plan view of a ftrst catheter adapted to practice the 
present invention. The caiiieier is provided with an elongated polymeric catheter body 
10, which carries a fust elongated coil electrode 12, a second elongated coil electrode 
16 and a tip electrode 20 at its distal end. Electrodes 12 and 16 are separated by an 
insuiative segment 14. Electrodes 16 and 20 are separated by a second insulative 
segment 18. Electrodes 12 and 16 are employed as ablation electrodes, with electrode 
20 employed primarily for cardiac mapping. Additional mapping electrodes may 
optionally be added between electrodes 12 and 16 and/or proximal to electrode 12. 
Located at the proximal end of the catheter body 10 is a control handle 22, which 
carries two control knobs 24 and 26. Conirol knobs 24 and 26 may be employed to 
deflect die catheter inio a curved configuration, as illustrated by broken outline 56, by 
means of longitudinal displacement of a icn^sion vvLre. The tension wire, not 
illustrated, is coupled to knoli 24. llie caihcter tip may also be configured to display a 
diree dimensional configuration, by rucaiion of an inteniai core wire (not visible in tliis 
viev.). coupled to knob 26. The pro.Kinul end of handle 22 carries an electrical 
connector 28, ijicluding coiuiccuoi-s for. coupling to electrodes 12, 16 and 20 as well 
as coni>eciions for coupling to two or more lemperaturc sensors such as thermocouples 
or ihennistors kx:aied internal to tlie catlieier, adjacent electrodes 12 and 16 and 
optionally electrode 20. 
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The operation of the steering end deflection mechanism of the present catheter 
corresponds to that disclosed in U.S. Patent No. 5,318,525 issued on June 7, 1994 
and incorporated herein by reference in its entirety. However, other mechanisms for 
steering or deflecting the distal end of a catheter according to the present invention 
may also be employed. For example, the steering and deileciion mechanism as set 
forth in U.S. Patent No. 5,487.757 issued on January 30, 1996 may also be employed 
to deflect the distal tip of tl)e catheter, as well as any other known deflection/steering 
mechanism. Similarly, a sliding core wire for adjustment of the radius of curvature of 
the catheter when deflected may also be employed, as also disclosed in U.S. Patent 
No. 5,487,757. 

Figure 2 illustrates a side, plan view of a second embodiment of a catheter for 
use in practicing the present invention. In Uiis embodiment, the catJieter takes the 
form of an ablation catheter, mounted within a deflectable guide catheter. The 
deflectable guide catheter is provided with an elongated tubular body 32, including a 
cenu-al bore, dirougli which tlie ablation cadietcr is passed. The distal portion 32 of 
tlic guide catheter may be deflected, as illustrated by broken-out line at 54. Deflection 
of the distal tip of tlie guide cadieter h accomplished by longinidinal displacement of 
an internal tension wire, by means of knob 36, located on handle 34 at die proximal 
end of the guide catlieter. In tlie context of die present invention, any known, 
deflectahie guide catneter may be cwipioyed in conjunction with tJie present invention. 

For example, U.S. Patent No. 4.960,411, issued on October 2, 1990. and U.S. 
Patent No. 5,3(34,131, issued on April 19, 1994, bodi of which are incorporated 
herein by reference in their entireties, provide examples of deflectabk guide catlieters 
of the t>'pe which may be employed in conjunction with the present invention, 'llie ' 
distal end of the guide cadieter optiomtily carries a ring electrode 49, which may be 
employed for mapping or ablation. Alternatively, a pair of ring electrodes nxight 
instead be provided for mapping and ablation. The proximal end of handle 34 carries 
a Y fitting 38 which includej-'arsidt^ 40, for fluid injection into die central lumen 
of the guide catheter. 



wo 97/33526 



PCT/US97/01762 



7 

The ablation catheter itself is provided with aa elongated catheter body 42, 
which carries an elongated coil electrode 47 and optionally a tip electrode 52. An 
insulative segment 50 separates coil electrode 47 from tip electrode 52, if present. If 
tip electrode 52 is deleted, a pliant plasiic tip of similar configuration may be 
subsiituted. Electrode 47 is . employed as an ablation electrode. Electrode 52 if 
present is employed primarily for cardiac mapping. The proximal end of the ablation 
catheter exits, the proximal end of Y fitting 38, where the proximal portion of the 
catheter body 42 is visible. An electrical connector 44 is mounted to the proximal end 
of the caLlieter body and carries an electrical connector 46, allowing independent 
conricction to electrodes 47 and 52. as well as coiinection to two or more temperature- 
sensors, located internal to the catheter. 

Figure 3 shows cross-seciionai view through tlic distal end of catheter 
illuiiiraletl in Figure 1. The drawing is not proportional, but is intended to illustrate 
die funciioiial interrelation or' die components witiiin the catheter. Exemplary 
dimensions for the catheter may be, for example, a diameter of 5 - 7 french, coil 
electrodes 12 and 16 of approximately 5 - 20 nun in length located on an Insulative 
catheter body tube 100 , with a spacing of approximately 1-3 nun between electrodes 
12 and 16, a spacing of approximately 2 mm between electrodes 16 and 20, and a 
length of approximately 1 - 2 mm for elecu-ode 20. Other numbers of electrodes, 
electrode sizes and electrode spacings may also usefully be employed. For example 
four coil electrodes, each 5-10 mm in lengdi may be substimted, with a 
corresponding additional temperature sensor associated with each additional electrode. 
Tube 100 is preferably formed of a temperature resistant, flexible, body compatible 
material such as silicone rubber, with :he coils of Lhe electrodes partially embedded 
therein, similar to currently available traasvenous defibrillation electrodes. 

Elecu-odc 12 is coupled, to die electrical cor.nector at the proxinial end of the 
lead by means of. an insulated wire ICU. Electrode 16 is coupled to die electrical 
con- lector at the- proximal cnci oi" ilie catheter by an insulated wire 102. A first 
diermocouple or thermistor 114 is located widiin tube 100, adjacent electrode 12. 
Thcnnocouplc or ihermisior 114 i.N coupled to the elecu-icai connector at the proximal 
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end of the catheter by means of insulated wires 116. A second thermocouple or 
thermistor 110 is located within tube 100 adjacent electrode 16, and is coupled to the 
electrical connector at the proximal end of the catheter by means of insulated wires 
112. 

Located ai the distal end of tube 100 is molded plastic insulator 18, which 
contains bores 120, 122 ilirough which the core wire 108 and tension wire 106 pass. 
The distal end of core wire 108 is folded back, and anciiored within spacer 18, so that 
rotational force applied to the proximal end of coil wire 108 will be transmitted to the 
distal tip of ihc caLl»eter. Bail 121. fued to the distal end of tension wire 106, allows 
for tensile force to be applied to ilie distal end of tlie catheter. As described in the 
above-cited U.S. Patent No. 5,318,525, longimdinal movement of tension wire 106 
provides for deflection and straightening of tlie distal portion of the catheter, coplanar 
to the catheter body. Rotation of core wire 108, while tension is applied to tension 
wire 106 provides for lateral deflection of the disul ponion of tlie catheter, so thai it is 
no longer coplanar with the catheier body and defmes a three dimensional 
configuration. Also visible at 128 is tiie disul end of the third of insulated wire 118, 
which couples tip electrode 20 to the electrical connector at the proximal end of the 
catheter. 

Figure 4 illusiraies a side, sectional view ihrpugh the distal tip of the ablation 
catheter illustrated in Figure 2. in this figure, Llectrodcs '17 and 52, cadicter body 42 
and insuiator 50 correspoiid lo corrcsponaingly labeled structures in Figure 2. Li this 
view it can be seen that, like tl.e -;atl.etcr illustrated ir, Figure 3, thermocouples or 
thermistors 206, 207 and.2lO arc provided loc£.tcd along electrode 47, which may be 
2 - 20 centimeters in length. Each iliermocouplc or thermistor is jirovided with a pair 
of insulated wires (208, 209, 212), coupling dicm to the electrical connector located at 
the proximal end of tlie catheter. The thermocouples or thermistors may be displaced 
longituduially and/or circumferentially from one anoilier within or adjacent the 
electrode 47. 

Tiiis cadieter, as illusu:a(ed, is not provided v,'iui a deflection or steering 
mechanism, although it should l>c iindersiood that a detlection mechanism as in the 
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catheier of Figures 1 and 3 could readily be added. A tapered core wire 214 is 
provided, which assists in transmission of torque along the length of tlie catheter body. 

In use, the illustrated distal portion of tlie ablation catheter is delivered to the 
designed site within the heart by means of the deflectable guide catheter as shown in 
Figure 2. Elecu'ode 47 may be employed for cardiac ablation, with the functioning of 
thermocouples 206, 207 and 210 corresponding to that discussed above in conjunction 
with Figure 3. Also illustrated are tv^'o areas 216 and 220 which are backfilled with 
adhesive, in order to provide a stable interconnection of the various catheter 
components. 

The Lllustraiion is not intended to be to scale. As actually implemented, the 
illustrated design will allow for a substantially smaller catheter body, having a 
diameter on the order of truce french. fif> electrode 52 may have a lengtli on tlie 
order of .5 - 2 mm. Alternative!) , tip electrode 52 may be replaced by a molded 
plastic tip, and conductor 202 deleted. In general, it is anticipated that tip electrode 
52, if included, will be employed primarily for sensing of cardiac depolarizations 
and/or deliver)' of cardiac stimulation pulses, rather than ablation, due to its small 
size. • 

Figure 5a illustrates the distal ponion of an alternative embodiment of a 
"catheier provided with multiple coil electrodes. CaUicter 400 Is provided four 
adjacent coils 402, 404, 406 and 408, each of which may be approximately 5-10 mm 
lengtJi. Rather tlian being separated by circumferential insulators, the beginning of 
each coil is located closely adjacent the termination of tlie previous coil, and continues 
along the same helical paili defined by tlie previous coil, so that tiie composite 
structure resembles a single coil having three breaks at 410, 412, 414. The adjacent 
ends of the electrode coils are preferably paced as closely adjacent as possible, and in 
any case spaced circumrereniially from one another by less than one mrn of the 
defined helix. A plastic tip member 4 18 or ;Jtcmatively a tip electrode 418 is located 
at the distal end of tlie auhcter. The coils are mounted partially embedded in a mbular 
plastic catheter body, with each electrode coil emerging through die catheter body 416 
adjacent die icnmnzition of ihc previous coil, wilJi the result tJiai the mechanical 
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characteristics of ilie catheter reinaLn essentially constant along the length of the 
electrode coils. Further, if adjacent coils are simultaneously active, the electrode may 
generate an electrical field which creates thermal effects essentially indistinguishable 
from a single, continuous coil. 

Figure 5b is a cross sectional view thrciugh the catheter of Figure 5a. In this 
view, die termination of coil 402, adjacent the point at which coil 404 begins is 
illustrated. Tht coils are shown partially embedded in catheter body 416, and 
insulated conductors 420, 422 and 424, in turn coupled to electrodes 404, 406 and 408 
are visible in cross section. Paired wires 428, 430 and 432, in aim each coupled to a 
thermocouple (not illustraied). iocaied inienial lo one of electrodes 404,406, 408 are 
also visible, as is a tension or core wire 424, As illusiraied, tJie caliieter is provided 
witli four electrode coils and four corresponding thermocouples, one for each 
electrode. However, greater or lesser numbers of electrodes, and thermocouples may 
of course be employed. 

Figure 6a is a plan view of an alternative embodiment of a catheter according 
to the present invention. A handle 400 is provided at the proximal end of the catheter, 
and is in turn provided with an electrical connector 402. Mounted lo the handle are 
two sliding knobs 404 and 408, employed to longitudinally move separate tension 
wires within catlieter body 410. llie stmcture and operation of knobs 404 and 408 
and tiieir associated tension wires are the same us liie corresponding knob and ten^iion 
wire described in detail in U.S. I'atent No. 5,487,75?, cited above. Kjiob 406 is 
employed to rotate ;in inierinL lorqucing core wire, which extends withiji catheter 
body 410 to a point proximal to tlie electrodes 412, 416, 418, 420, 422 and 424. The 
structure and operation of Imob 40t) aitd its a.ssociaicd internal core wire also are the 
same as the correspoixling knob :md torquLi-g core wire described in U.S. Patent No. 
5,487, ,757, cited above. Tiie teiision wire coupled to knob 408 extends to the distal 
tip of the catheter, wliile the tension wire coupled to knob 404 extends only to a point 
just proximal to die illustrated electrodes. The combination of the two tension wires 
and die core wire allow for the catheter to be detlecied into a multiplicity of 
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configurauons, illustrated below. A tip elecirode 426 is located at the distal end of the 
catheter. 

Figure 6b illustrates a side, plan view of the distal tip of the catheter illustrated 
in Figure 6a. In thJs view, it can be seen that the electrodes 422 and 424, and 
correspondingly electrodes 412, 4i6, 418 and 420, illustrated in Figure 6a, take the 
fumi of coil electrodes, similar to those illustrated in conjunction with the previous 
embodiments described above. However^ in some embodiments of the invention, 
plural ring electrodes or other segmented electrode srrucaires might be substiaited. 
Exeniplary dimensions for lue i me r-elec erode spacing "A", the coil electrode length 
"B" and the tip electrode length "C" are 2 millimeters, 5 millimeters and 2 
millimeters, respectively. Other dimensions and spacings, as well as other numbers of 
electrodes may correspondingly be substiniied. 

Figures 7a through 7d ilhiStratc the deflection of the catheter illustrated in 
Figtirc 6a due lo longitudinal movement of die tension wires within the catheter body, 
coupled to knODs 404 and 408 (Fig. 6a), For purposes of understanding tlie 
illustrations, the deflectable ponion of the caUietcr may be divided into two sections, 
including a distal section, 460 and an intennediate section, 450. The internal tension 
wire coupled to knob 408 (Fig. 6a) extends to the distal tip of distal section 460. The 
internal tension wire coupled to knob 404 (Fig. 6a) extends only to the distal end of 
intermediate section 450. The tension wires may be independently manipulated, so 
that each of sections 450 and 460 may be individually deflected, to produce separately 
adjustable curves. 

Figures 7a and 7b illustrate tiie deflection of intermediate section 450 in 
response to movement of 404 (Fig. 6). It should be noted that deflection of section 
450 does not re::ult in correr.poadin.g deileciion of distal section 460. Figures 7c and 
7d illustrate the detleciion of dist:tl .section 460, due lo movement of knob 408. It 
shoiild be noted Ll\ai as disuil tip 4()0 deflec-s or is straigiitened, there is no significant 
additional deflection of intenntdia:e ijectior^ 450, and wiien both section 450 und 460 
are deflected, tJic resulting curves lio ^/^enerally in die Siune plane, in die absence of 
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torque applied via the core wire associated with Knob 406 (Fig. 6a). The details of 
the deflection mechanism within the catheter are described in more detail below. 

Figure 8 illustrates the out of plane deflection of the catheter illustrated in 
Figure 6a, due to rotation of knob 405. As illustrated, it is assumed that teasion has 
been applied to both the tension wire coupled to knob 404 and tension wire coupled to 
knob 408 (Fig. 6), so tiiat both the distal section 460 and the intermediate section of 
tiie catl^ieter are deflected. As illustrated, rotation of tlie core wire causes twisting of 
the intermediate section 450. of the catlieter, without corresponding deformation or 
deflection of the distal section of tlie catiieier. The configuration of the distal section 
is thus unchanged by application of torque via knob 406 (Fig, 6a), but its orientation 
with respect to the ^ixis of the catheter may be adjusted, causing the catheter to assume 
a variety of three-dimensional configurations. Alternatively, if only the disul section 
460 is deflected by means of tlie teasion wire coupled to knob 408 when torque is 
applied by knob 406, the iniermediate section 450 is twisted without deflection so that 
tlie plane in which tlie deflected distal tip falls section 460 will simply be rotated 
around the axis of tiie catheter body. 

Independent deflection of the dist:il and intermediate sections of the catheter is 
facilitated by employing extruded plastic cubes of differing flexibilities to form the 
catheter body. The flexibility of tl^.e distal portion of the caLleter body may be 1.5 to 
5 times the flexibility of tJic intcn::ediat^ segment, with the intermediate segment in 
turn having a flexibility of 1.5 to 5 times tluii of the main catheter shaft. Preferably, 
tiie tube tbrming Uie disi;il section is at least iJirce times as flexible as die tube forming 
tlic intennediate section and die tube formir.g d>e intermediate section is at least Lliree 
times as flexible as tiie main catheter shaft. 

Figure 9a is a sectioatl view through the disi^il section of the catheter 
illustrated in Figure 6a, in die vicinity of electrodes 422 and 424. Electrodes 422 and 
424 are partially embedded in a silicone rubber sleeve 5'Xl, whicli surrounds an 
extruded Pebax tube 524. having a central lumen and a peripheral lumen. Lining die 
central lumen of uibe 524 is a polyiniidc liner tube 526. Located widiin the peripheral 
lumen of tube 524 is tension wire 506, which is coupled to knob 408 (Fig. 6a). 
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Located at the distal lip of tension wire 506 is a ball, 508 which engages a molded 
plastic insulator 502, to which tip elecirode 426 is mounted. Space 504 between 
electrode 526 and insulator 502 is filled with an adhesive material. Electrode 426 is 
coupled to electrical connector 402 (Fig. 6) by means of an insulated conductor 510. 
Electrodes 422 and 424 are correspondingly coupled to the electrical connector by 
means of insulated conductors 512 and 516. Two thermocouples or thennisiors 520 
and 522 are provided adjacent electrodes 424 and 422, respectively, each coupled to 
electrical connector 402 (Fig. 6) by means of an insulated pair of wires, 514, 518. 
Proximal movement of tension wire 506 causes deflection of the distal section of the 
catheter as illustrated in Figures 7c and 7d.. 

Figure 9o is a cross-sectional view dirough the portion of the catheter 
illustrated in Figure 9;i. In this viev.', the intcrrehitioa of silicone sleeve 500, extruded 
tube 524, liner tube 526, icn.';ioii wire 536. and conductors 510. 512 and 514 can be 
appreciated. 

Figure 10a is a sectional view through ilie catheter of Figure 6a in the vicLnic)' 
of electrode. 412, in tiie traii.sitionai region between the distal section of the catheter 
and the intennediate section of the catheter, and rotated 90 degrees from the sectional 
view of Figure 9a. Visible in tiiis view are extruded tube 524, silicone rubber sleeve 
500 and polyiiiiide liner tube 526, discussed above. For the sake of simplicity, 
insulated conductors comiectcd lo electrodes 414. 416, 41S, 420, 422, 424 and 426, 
and to the thermocouple or thermistors associated therewith are illustrated 
schematically at 530. It should be understood that each of electrodes 412, 414, 416, 
418, 420, 422 and 424 Jias an :tssociatcd tliermocoupie or dienriistor, with the 
structure of each electrode and associated thermocouple or thermistor being as 
illustrated in conjunction with elecirodcs 422 and 424 in Figure 9a. Similar to the 
electrodes illustrated in Figure 9a, electrode 412 is provided with an associated 
thermocouple or thermistor 550, and electrode 412 and thennocouple or Uiermistor ' 
550 :;re coupled to tlie ctJiitucEor •■i02 t'Figurc 6a) !)y n^.eans of conductors 552 and 
528. The thermocouples or Lhermistors may be spaced only longitudinally from one 
anotfxr, all lying along one sid- of the dist;*I portion of tiie cadieier or diey may also 
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be cixcumferentially displaced from one another. It should be understood that 
additional thermocouples or thermistors might also be employed, so that each 
electrode is provided with more th:;n one temperature sensor, in a fashion analogous to 
the multiple temperature sensors associated with electrode 47 illustrated in Figures 2 
and 4. 

A molded plastic insulator 554 defines die junction between the distal section 
of the catheter and the intermediate section. The catheter body in the intermediate 
section is fabricated of a multilumen e.xtnided Pebax tube 560, which is provided with 
a centnil iumcn and four peripheral lumens, spaced 90 degrees from one another. 
Tension wire 558 is illustrated located in one of the lumens extruded tube 560, and is 
provided witli a ball sha])ed tip 5C4 which engafies in a recess* within insulator 554. 
Tension :ipplied to tension wire 55S by n^.eans of Icnob 404, (Fig. 6a) causes deflection 
of the intermediate ponion of die catheter. Passing through a second peripheral lumen 
of tube 560 is core wire 556 which is coupled to knob 406 (Fig. 6a). and is employed 
to twist die intenncdiaie section o\ tlie ca-heter, as iliusLraied in Figure 8, above. 
Polyimide tube 526 as illustrated e.xtei\ds past the proximal most portion of insulator 
554, and is bonded to die interior of tube 560 by means of an adhesive at 562. 

Figure 10b illustrates a cross-seccion through tlie intermediate section of the 
catheter of Figure 6a, showing the location of tension wire 558, tension wire 506 and 
core wire 556. In this view it can be seen that tension wire 506 is displaced 90 
degrees from tension wire 558. Nonetheless, when bodi wires arc tcnsioned, the 
resultant curves lie generally, nldiough not precisely, in die same plane. As a 
practical maner, the less die two tension v.ire:i are displaced from one anodier, die 
closer the two curves formed in the dista; and intcnneciia:e sections will come to 
falling in precisely u\t same plane in U.e absence of torque applied via core, wire 556. 
and if closely coplanar cur\'es are cesiicd, t!ic two tension wires .should be located iji 
closely adjacent lateral lumens or in ihc same lateral lumen. 

Figure 10c illustrates a cross-scciion Uirougli the cadieter located along die 
proximal, inner surface 554a of Uie insulaior 554. In this view, it can be seen diat die 
insulator 554 is provided with four bores aligned correspoiiding to die four peripheral 
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lumens of extruded tube 560. In this view, the ball tip 564 of tension wire 558 is 
visible, along with tension wire 506. In this view it can also be seen tliat the distal tip 
of core wire 556. extends through one of tlie bores through insulator 554, it is then 
looped back to reenter a second, adjacent bore, allowing for torque to be applied to 
insulator 554 by means of rotation of core wire 556. The various conductors coupled 
to the electrodes and thermocouples or thermistors arc illustrated generally at 530. 

Figure lOd illustrates a cross sectio[iai view through the distal tip portion of 
the catheter, slightly proxihial to insulator 554 . The illustrated elements correspond 
to those shown in Figure 9d. 

Figure II a is a side, sectional view tiu-ough the transition ponion of the 
catheter, where the intermediate section of the catheter is joined to the main catheter 
body. In this view, extruded tube 560, tension wire 558, tension wire 506,, core wire 
556 and insulated conductors 530 are ail visible, corresponding to the elements 
illustrated in Figure 10a. Proximal to the intermediate portion of the caUieter, the 
catheter is provided with a reinforced Pebax tube 570 provided with, internal stainless 
steel braiding 574 and a polyimide inner liner tube 572.. As illustrated, at the 
transition from the reinforced braided mbc 570 to multi-lumen extruded tube 560, core 
wire 556 and te:Lsion wires 506 and 558 each enter a respective one of the four 
f>eripheral lumens of the extruded tube 560, preceding distally therein until they reach 
insulator 554 (F'ig. lOa). kei:iforced lubc 570 extends proximally to tlie catlieter 
handle 400 (Fig. 6a). 

Figure lib illustrates a LTOSS-scciion tlircugh the catheter body, located 
proximal tu the intermediate S'-Ction of the caUicter. Elements illustraied in Figure 
I lb correspond to diose illustrated in Figure 11 a. 

Figure I'ia is a perspective view of a mapping catiieter employing the 
deflection mechanism of the catheter illustrated in Figures 6-11. The catheter is 
provided with an elongated catheter shait 600, with an iniermediaie section 604 and a 
distal section 602 which carries mapi>ing electrodes 606. Distal section 602 and 
intermediate section 604 are each provided with a corresponding internal tension wire 
operative precisely as in the cauieter illustraicd in figures 6-11, cou])led to knobs 614 
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and 610 on handle 608. An internal torquing core wire is also provided coupled to the 
distal end of the intermediate section 604 and operative as described above to cause 
tlie plane defined by the curve of the distal section to be varied relative to the plane of 
the curve of the intermediate section 602. Electrodes 60^) are all individually coupled 
to electrical connector 618 by means of insulated wires within catheter body 600. 

As an optional additional feamre, the catheter is provided with an internal 
sliding core wire as discussed above, which when displaced longitudinally by means 
of knbb 616 on handle 608 varies the arc of curvature of the distal and/or intermediate 
sections of the catheter, according to the teaching of pending allowed U.S. Patent No. 
5,487,757, incorporated by reference above. Knob 616 and its associated core wire 
may be the same :is the correspondi/ig elements in tlie ^757 patent. Figure 12b 
illustrates variation in tlic arc of ciirvaaire of distal section 602 due to movement of 
the sliding core wire discussed above. 

Figure 13 is a perspective view of an R-F power source for use with the 
catheters described above. This [VF power source for the catheters is based upon 
Simiiar R-F power sources described in allowed, commonly assigned US Patent 
Applications Serial No. 07/866,633, filed April 10, 1992 and 08/179.558, filed 
January 10. 1994 bodi of which are incorporated by reference in their entireties. The 
radio-frequency generator includes a user interface panel 240 having a plurality of 
displays and indicators 242, and switches 244 to permit the operator to monitor and 
control deliver)' of power to tiie caiheicr. The panel 240 includes a fu-st display 242a 
which provides a continuous digital readout of the actual radio-frequency power being 
delivered. A second display 242b siiovvs tlic actual electrode temperature or 
temperatures measured by the temperature sensors within die cadietcr. A diird display 
242c shows tlie calculated inip-edance or impediinccs (based on measured currc .md 
voluige) between die cadieter ablation electrode or electrodes and an indi .mt 
elec;rod'j durijig the deliver^' of radio-irequency energy. The indifferent elecuroue is 
attached to the patient and provides a return padi to complete die circuit to die ablation 
electrode or electrodes, and may take die form of a plate clectroce'or may be one of 
the varic?us clectrudL:s located o:i the uaiheier in use. A suddeii ri.se in impedance 
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indicates that coagulum has foi-med on the corresponding ablation electrode, which 
should be removed. A fourth display 242d provides an indication of the time that 
radio-frequency power has been delivered during an ablation procedure. 

The panel 240 funher iiKludes an alphanumeric display 242e which presents 
additional information to the user, depending on the operational mode selected as 
described below. Such inform.ition may ir;clude tlie set point for either temperature 
(in °C) or power (in Watts), de]>ending on tlie control mode, the total number of times 
that power supply to the ablation electrode has been initiated, and the total elapsed 
time that the radio-frequency power has been delivered from the time power to the 
generator was turned on. Finally, the display 242e may indicate tlie available ranges 
for power, lemperamre, or time, depending on the variable wliich is being set within 
the system. Display 242e may further provide user warnings, including excessively 
high temperature, unacceptable catheter, excessively high impedance, low impedance, 
and excessively high power, as described in the above cited applications. Finally, a 
visual or audible indicator may be provided to indicate when the battery charge has 
become low, typically when it reaches 25% of capacity. 

Switch 244a is provided in urder to .select the control mode, e.g., either power 
or temperature. A particular set-point (temperature or power) will be adjusted by 
raisiDg or lowering the set point using thi' appropriate up or down switch 244b or 
244c. The time set-point i.s aojusteJ by pressing ilF timer switch 24-'ld and 
simuluncously raising or lowcrinu me set point using up or down switcli 244b or 
244c. Switch 244c initiates tl;e ticlivery of R-F i)ower, causing R-F power lo be 
delivered until eitlier the switch 244e is again pressed or the time set-point is reached. 
If a warning coixlition occurs (i.e., high pv)wer or high impedance), delivery of R-F 
power ']s terminated. A main off and on switch 248, a catheter cormeccor 250, an 
indifferent electrode connector 252, and a foot pedal connector 254 are also provided. 

Additional coiuiections to tlie radio-frequency generator will usually 
include an ECG connector, an analog output connector which permits output to a 
multi-channel chart recorder for recording radio- frequency power, impedance between 
the ablation electrode and indifferent electrode, and ablation electrode temperamre. 
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additional connector will usually be provided to permit connection of the internal 
noicroproccssor to an external computer to monitor and temporarily override 
progranrming in the PROMS. A swiicl; may also be provided to permit the operator 
to set Uie volume level of the tone during liic R-F ablation. FinaJly, an equipotential 
connector will be provided for connection to an external ground. 

As illustrated in the figures above, the catheters according to the present 
invention are provided with one or more ablation elecaodes, each of which may be 
individually activated by means of a separate insulated conductor and two or more 
temperature sensors, each of which may be individually monitored, in order to 
determine the temperature of each of the ablation electrodes. As will be discussed in 
more detail below, the temperature sensors may be employed to control delivery of R- 
F energy to tl^ie elecu-odes in a variety of v/ays. In a first, simpler embodiment, R-F 
energy is applied from a common source to all Liblation electrodes. In this case, the R- 
F source may be regulated eiiiicr by measuring the temperature at each temperature 
sensor individaally, and employing \hc highest of the measured temperatures to 
control R-F power applied lo the e!ec erodes, or alternatively, tlie outputs of the 
lem[Deraiure sensors may be averaged, and the average value used to control the R-F 
power applied to the electrodes. Aji appropriate control algorithm for controlling R-F 
power as a tlinction of measured temperature is set forth in tlie allowed applications 
cited above. Alternatively, any of tlic numerous temperature based control systems 
employed in conjunction with presently available radio frequency ablation catheters 
may also be employed in conjunction with tJie present invention. 

la a somewhat more complex embodiment of the present invention, each 
individual electrode employed for ablation i)urposcs may be provided with an 
indepenaently conu-ollable power source, witJi power applied to each individual 
electrode regulated by means of one or more temperature sensors associated with each 
electrode. In this cmbodimcni, ir\ L'iC event of hot spots developing adjacent an 
individual electrode, power applied U) ihi:; elecu-ode may be reduced or shut off 
entirely in order to avoid burning. In this embodiment, the on itn^.es of the R-F sigruil 
applied to each individual clcctrocs may vary. Electrodes which are in closer or 
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better contact with the tissue may as a result have a shorter on time, while electrodes 
with a poorer contact with body tissue have a longer on time, allowing for a greater 
likelihood that an effective lesion will be produced which, extending along entire 
length of the elongated electrode surface defiiied by die electrodes involved. 

Figure 14 is a functional block diagram of a fu*st embodiment of an R-F power 
supply as illuscrated in Figure 13. Front panel displays 242 and controls 244 are 
connected to a digital microprocessor 260, such as an INTEL 80C 186, which permits 
interface between the user and the remainder of the electrical components of the 
system. In particular, the inicroproceiisor 260 provides for monitoring of power, 
current, voltage, temperature and battery level. As necessary, the microprocessor will 
provide this information to the appropriate display and/or indicator 242 on the front 
panel 240. Additionally, t^ie microprocessor 260 permits the user to select the control 
mode (either temperature or power) and to input the power set point, temperature set 
puini, and timer set point to tlie system. 

The primar)' source of power for the radio-frequency generator may be a 12V 
battery rated at 7.2 ampere-hours. A back-up battery (not shown) such as a lithium 
cell may also be provided to provide sufficient power to the microprocessor 260 to 
maintain desired memory functions when the main power from the 12V battery is shut 
off. 

A ciysial-lockcd radio-frequency oscillator 2*54 generaies ihe switching pulses 
which drive both the power mjisfonner 266 and die power controller 268. Power 
controller 268 is an analog controller which operates by pulse-width modulation by 
comparing a power set point signal on iin-.: 270 from microprocessor 260 with an 
actual power signal generated by a power measurement circuit 274, typically including 
a torroidal transformer coupled to ihe power uuipu; 276 from the transfpnner 266. 
The power measurement component 274 multiplies tiie output current and voltage and 
jirovides the resulting actual power signal to both the power controller through line 
272 and die microprocessor througti line 278. The R-F power output of transformer 
266 is- provided to interface board 290, and thereby is provided to die ablation 
electrode or electrodes on the catheter. Separate analog comparator circuits (not 
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illustrated) may also be provided for monitoring the ourput of the power measurement 
component 274 in order lo shut-off current to the output irarisfonncr 266 if the power 
exceeds a limit, typically 55 watis. Power transformer 266 includes a center tap 
which receives tlie output 2^0 of the aruilog power controller 268. A secondar>' 
winding of the traasformer provides for continuous monitoring of the applied voltage 
in order to permit the power calculations by power measurement circuit 274. 

.Analog temperature controller 282 is provided to permit operation in a 
temperacure control mode. A temperature set point is delivered lo the temperature 
coniroller 282 from the microprocessor 260 tiirough line 284. Temperamre 
controller 282 openites on a proportional control mode, producing a power set point 
signal on line 286, based upon tlie difference between the temperature set point on line 
284 and the signal on line 294 indicative of a temperature measured by the 
thermocouples within the catheter. The resuluint power set point is fed to the power 
controller 268. The power set point sigmil un line 286 replaces the so point signal on 
line 270 wlieii the system is in temperature control mode operation. The analog 
power controller 268 thus acts as cascade conuol loop in a tv^o-siage temperature 
control protocol. It has been found thai such iwo-stage analog control permits precise 
and very fast coniroi of power lo iTUilntain die desired temperature set point at the 
ablation electrode. Separate analog comparator circuits, not illust^rared, may also be 
provided for monitoring the temperature or temperatures of each of tlic temperacure 
sensors in order to shut-off current to the output transformer if the temperature 
measured at any temperature sensor exceeds a limit, typically about 100°C. 
Appropriate comparator circuits are illustrated in U.S. Patent Application Serial Nos. 
08/179,558 and 07/866,683 cited above. 

Temperattire processing circuit 292 processes tlie signals from the temperature 
sensors within tlie catheter to provide a combined signal on line 294 which is provided 
temperamre control 294. The combined signal may be indicative of ihc average value 
of die signals from the temperature sensors, or niay correspond to the signal from die 
temperamre sensor indicating tlie highesi tempercuurc. 
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AJ! external coniieciioiLs to liic radio-frequency generator will be made through 
an interface board 290. The interface board 290 permits connection of the main 
battei7 and back-up baticr)' (not illustrated), as well as the cat^ieter connector 250, the 
ECG connector, the data recorder connector, and the like. Connection of the 
temperature. sensors is preferably optically isolated from the internal components of 
the radio-frequency generator. The data recorder outputs on the R-F generator may 
also be optically isolated if necessary to reduce signal noise. 

In the en)bodiment illustrated in Figure 13, above, the R-F signal is a square 
wave signal. However, some operating environments require that the square wave 
generated by the crystal-locked radio-frequency oscillator 64 be filtered to round off 
die square edges to provide a sinusoidal instead of pulsed R-F signal. At high-power 
this filtering causes undesirable signal attenuation. An alternative power modulating 
system that obviates the need for filtering and is pariicularly useful for high-power 
applications is depicted in the above-cited copending application Serial No. 

Figure 15 illustrates an aitenuite embodiment of an R-F power supply system 
for use in conjunction witli the present invention. In this embodimciu, separately 
controllable R-I- outputs are provided for individual ablation electrodes on the 
catheter, as discussed above. In this FiLiure. the runciiv)ns of display 342 and controls 
344 correspond to display 242 and co!itro:s 244, illustrated in Figure 13, with die 
exception that displays are provided for the temperature, impedance, and so forth for 
each ablation eiectrodc and^ associated R-F power supply. Microprocessor 360 
similarly corresponds lo microprocessor 260, wicli die exception that it provides 
individual control outputs to and receives individual input signals from the 
components of each of the two included R-F power supplies. 

The fu-st R-F power supply includes oscillator 364, transformer 366. power 
control 368, power measurement circuit 374 and teinperanjre control circuit 382, 
which correspond precisely to oscillator 264, transformer 266, power control 268, 
power measurement circuit 274 and temperature control circuit 282, illustrated in 
Figure 6. The second R-F power supply includes oscillaior 364, shared widi the fust 
R-F power suppiy, traas forme.' 367, power control 369. pov.-cr measurement circuit 
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375 and temperature control circuit 383. which also correspond precisely to oscillator 
264, transfonncr 266, power control 268, power measurement circuit 274 and 
temperature control circuit 282. illustrated in Figure 8. Each of the two power 
supplies receives a signal from one of the thermocoupies in the catheter, and regulates 
power applied to the electrode adjacent the that tliermocouple. Correspondingly, each 
of the two power supplies may be provided with analog comparators for sensing 
power and temperature as discussed above. 

In this embodiment, each of tlie ablation elecu-odes is individually regulated, so 
tliat tlie electrodes may be supplied with differing levels of power, and may be 
activated for different periods of tmie. The flexibility of this approach allows die 
system to take differences in tissue condition, electrode contact and other variables 
into account and increases the likelihood mat a lesion will be produced extending for 
the entire length of the electrodes selected. 

As a further refinement to eitlier of the embodimcn:s illusaated in Figures 13 
and 14, the controls 244 , 344 may tx.- expanded to include switches. which selectively 
disable or enable individual electrodes, and/or temperature sensors allowing the 
physician to conu-ol tlie effective length of the elecurode surface available for ablation 
and to adapt the temperature control mechanism to the needs of an individual patient. 
Alternatively, catheters may l)e provided witii varying numbers of temperature 
sensors, electrodes or electrode dijuejisions, in order to allow die physician to 
accomplish a similar result by catheter selection. 

Figure L6 illustrates yet another alternate embodiment of an R-F power supply 
system for use in conjunction with die present invention. In tliis embodiment, 
separately controllable R-F outputs are provided for individual ablation elecu-odes on 
U^e cadieier, as discussed above. In Uiis Figure, Uic funcuons of display 804 and 
controls '802 correspond to display 3''i2 and controls 344, illustrated in Figure 14. 
Microprocessor 8*30 similarly corresponds lo micropro:essor 360, widi the exception 
tliat it is illustrated as providing contiol otiij)U;s lo ano receiving input signals from 
die remaining circuitry on adcress/dat^i bus 806. The power supply system as 
illustratcjd includes a desired mur.ber "M" o; individually conirollable R-F power 
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supplies and receives temperature inputs from a desired number "N" of temperature 
sensing devices in the catheter, illusiraied schematically at 838. 

Each R-F power supply includes a transformer (822, 824, 826), a power 
control circuit (810, 812, S14), a power measurement circuit (816, 818, 820) which 
correspond precisely to oscillator 364, tninsformer 366. power control 368 and power 
measurement circuit. 374, illustrated in Figure 14. All R-F power supplies share 
oscillator 840, corresponding to oscillator 364 in Figure 14. Instead of analog 
temperaoire control circuits (368, 383, Figure 14) the iliustraled power supply system 
employs software controlled temperature processing, accomplished by microprocessor 
800, which receives the "N" temperature input signals from temperature measurement 
circuits (828, 830, 832, each of which arc coupled to a corresponding temperature 
sensor in catheter 838 by means of the electrical connector on the catheter, illustrated 
schematically at 836 and interface circuit 834, which corresponds to interface 390 
illustrated in Figure 14. Processor 800 receives ihe "N" temperature signals 
and, based upon die indicated tcmporatures, defines power set points for each of tlie 
power control circuits (810, 812, 814), wliich in die manner described above control 
tlie power levels applied to electrodes on the caLheter through interface 834. 
Processor 800 may also selectively enable or disable any of the "M'* provided R-F 
power supplies, in response to e/.tem:il control signals from controls 802 or in 
response to detecicd anomalous temperature conditions, as discussed below. 

Processor 800 may cicfLne power sci-poinis for one or more electrodes as 
described above, based upon avcr:ige tcmperaiure values from a plurality of 
tenipjraturc sensors, based on die iiighcsi iaclicated temperature from a plurality of 
tempcramre sensors, or in the ca;ie of a caiheier having one temperature sensor 
associated with each of a plurality of electrodes may determine the power set-point 
for each electrode from a single temperamre sensor. The processor 800 may also 
process the indicated temperatures from the temperature sensing circuits (828, 830, 
832) to allow for selective disablenieiii of individual tempcramrc sensors and/or 
individual R-F power supplies. Panicularly in catheters which have one or more 
electrodes, each of which is provided with multiple temperature sensing devices, die 
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processor may read the indicated temperatures associated with the individual 
tempeniture sensing devices, compare tlie temperatures and, if the sensed temperature 
differential exceeds a preset \'a!ue reduces the power set-point of the electrode, 
disables power delivery lo the etecuode emirely, or causes an alarm to sound. 

The processor may identify individual failed temperature sensors using a 
number of techniques. First, tlie processor 800 may compare each temperature 
sensor's indicated temperamre with body temperature, prior to activation of - the R-F 
power supply circuits. In the event the indicated temperature for a sensor differs by 
more than a prc-sct value from normal body temperature, tlie corresponding 
temperature sensor's indicated temperature would not be employed for control 
purposes. Second, the processor may monitor the rale of change of tlie indicated 
temperatures of each temperature seizor to determine whetlier the rate of change 
exceeds a pre-sct value, iind, if so disables die failed temperature sensor. Third, if the 
catheter is provided with multiple temperature sensors which are located closely 
adjacent to one anotlier, the processor 800 i.iay compare the indicated temperamres for 
each temperaaire sensor, and if one indicated lempcraturc differs from that indicated 
other closely adjacent temperature sensors Dv more than a pre-set value, may disable 
the disagreeing sensor. Foiinii, the processor may compare each temperature sensor's 
indicated temperamre with a set range of indicated temperauires associated with 
normal operation of the sensors and disable any temperature sensing device found to 
be out of range. More dian one or all of these four techniques may be employed 
simultaneously. If multiple temperature sensors are provided for each electrode., tlie 
processor 800 may simply employ the remaining temperamre sensors to monitor the 
electrode associated widi a failed sensing device. If an electrode is found to have no 
operative temperamre sensors, the processor 800 may employ a temperamres or 
temperatures indicated by a temperature sensor or sensors associated with ;m adjacent 
electrode or electrodes to monitor the electrode associated with the failed sensor. 

The catlieterf. may have differing configurations than those illustrated. For 
example, while die ablation catlicter iiiusirated in Figure 2 introduced by mcaas of a 
guiding catheter display;, n geijer;illy straigh: coafiguration, a prc-cur\'cd connguralion 
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could be provided aL its distal end, such as a spiral configuration, and/or the 
deflectable guide catlieter might be replaced by a pre-curved guiding catheter or 
sheaili. WhiJe the elongated ablation electrodes illustrated are metal coil electrodes, 
electrodes of other conductive materials and taking other forms, such as tubular braids 
or series of ring electrodes may also usefully be employed in the context of the present 
invention. Similarly, while the disclosed embodiment employs an R-F power source 
or sources, other power sources, e.g. microwave sources, D-C sources may be 
employed in tlie context of the inventive lemperamre controlled system. Finally, 
while tlie temperature sensing devices associated with each electrode as illustrated are 
located internal to me catheters, they may alternatively be exposed to the exterior of 
the catheter adjacent tJie electrode to bo moniiored. As sucli, the embodiments 
disclosed in the above specification should be considered exemplary, rather than 
limiting, with regard to the followhig claims. 
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We claim: 

1 . A deflectable catheur, comprising: 

im elongated catheter body having a proximal end and a distal end, said 
catheter body having a distal section adjacent its distal end along which at least one 
electrode is located; 

a first deflection wire, movable longitudinally within said catheter body, 
extending from said proximal end of said catheter body to a first point adjacent said 
distal end of said catheter body, arranged so that longitudinal movement of said 
deflection wire causes deflection of said distal section of said catheter body into a 
generally planar first curve generally falling into a first plane; 

a core wire, extending from the proximal end of said catheter body and 
coupled to said catlieter body at a second point, proximal of said distal section of said 
catheter body, arranged such that application of torque to said catheter body by said 
core wire causes movemeni of said generally planar first curve of said distal section 
into a second plane, different from :^aid first plane; and 

a handle assembly, located at Uie proxiaial end of s:iid catheter body having 
controls located tliereori uperaiively coapleci to apply torque to said core w'u-e and to 
longitudinally move said first denectioii wire, 

2. A catheter as descrir>ed in claim 1 wherein said catheter body furtlier 
comprises an intermediate section, proximal lo said distal seciiou and wherein said 
cadieter further comprises a second deilection wire longitudinally movable within said 
catheter body and coupled to said catheter in a Oiird point, proximal to said distal 
section, arranged so that longitudiniil movement of said second deflection wire causes 
deflection of said intenmediate section into a second, generally planar curve. 

3. A catheter according to claim 2 wherein said first and second curves of 
said distal and intermediate sections, resj>ectively, are generally coplanar in the 
absence of torque applied to said core wire. 

4. A catheter according to claim 1 or claim 2 or claLm 3 wherein said at 
least one electrode com[)rises tnuliiple electrodes arranged iilong said distal section of 
said callieter body. 
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5. A catlicter according to claim 1 further comprising means for varying 
radius of curvature of snid first, generally planar curve. 

6. A catheter according to claim 2 further comprising means for varying 
radius of cun'aiure of at least one of said intermediate and distal sections of said 
caihcLer body. 

7. A catheter according to claim 1, fiirtlicr comprising a handle assembly, 
located at the proximal end of said c.';ilic;er body having controls located thereon 
operatively coupled to said first deflection means and said torque applyhig means. 

8. A catiietcr according io any of claiins 1-8 wh:;rein said elongated 
catJicter body carries a plurality of electrode coils each coupled to a separate conductor 
located within said catheter body, wherein said elecurode coils have ends spaced 
circumfcrentially less ih:m one full turn of a said electrode coil from one another. 

9. An apparatus for use in tissue ablation , comprising: 

input means for receiving outputs of a pluralit)' of temperanjre sensors 
. indicative of lemperamre; 

a power source meaas for providing a power output to at least one 
ablation electrode; 

temperature [>roces;^ing means, coupled to said outputs of said 
temperature sensors ana to said power source, for conurolling power output 
from saic: power source lo s:.id at least one electrode as a function of said 
outputs of said pluraiiiy of ;einpcrature sensors, wlierein said temperature 
processini^ means comprise:-. me:.ns for comparing; outputs of said temperature 
sensors tu a krio^vn reference value and means for disal)ling subsequent use of 
the output of a said seasor lo control said power output, if the output of said 
sensor differs from said icnown reference value by more ih;in a dcfmed value. 

10. All apparams according to claim 9 wherein said reference value is 
nonnal body temperature and wherein said temperamre processing means comprises 
means comparing tempcramrcs indicated by outputs of said sensors to said reference 
value. 
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11. An apparatus accordinij: to claun 9 wherein said reference value is a 
defined rate of temperature change and wherein said temperarure processing means 
comprises means comparing rates of changes of temperatures indicated by outputs of 
said sensors to said reference value. 

12. An apparatus according to claim 9 or claim 10 or claim 11, further 
comprising: 

an elongated catheter body having a distal segment; 
at least one electrode, extending along said distal segment; 
a plurality of temperanjre sensors, arranged along said. distal segment, 
adjacent said at least one electrode and providing outputs indicative of temperature. 

13. An appararus for use in tissue ablation, comprising: 

meaiis for receiving inputs from a pluralit)' of temperature sensors 
indicative of tempcramrc; 

a power source means for providing a power output to at least one 
ablation electrode; and 

.temperature processing means, coupled to said outputs of said 
temperamre sensors and to said power source, for controlling, power output 
from said power source to said at least one electrode as a function of said 
outputs of said plurality of temperature sensors, wherein said temperamre 
processing means comprises nvjans for comparing temperaaires indicated by 
outputs of said temperature sensors and meaas for employing the output of the 
one of said sensors indicaiive of the highest temperature to control said power 
output. 

14. An apparatus according to claim 13, furilur comprising: 
an elongated cathcier bo<iy having a distal segment; 

at leasL one elccirode. extending along said dist:d segment; 
a plundity of icmperttur * sensors, arranged along said distal segment, 
adjacent said at least one electrode and nrc/viding outputs indicative of temperature. 

15. An allaiion cauietcr comprising im elongated cadieter body carrying a 
plurality of electrode coils each coupled to a separate conductor located within said 
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catheter body, wherein said electrode coils have ends spaced circumferentially less 
than one full turn era said ciecirode coil from one another. 
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